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TO WHOM THIS TOPIC IS OF CONCERN:

I. INTRODUCTION

This information is being provided as a response to the
March 18, 1998, Notice which was published by the FDA in the
Federal Reqister. 63 Fed. Reg. 13258-59. We understand that
this document will be forwarded, along with information from the
Food and Drug Administration (“FDA”), and the Drug Enforcement
Administration (“DEA”), to the World Health Organization (“WHO”)
which will, in turn, prepare a Critical Review document for use
of the Expert Committee on Drug Dependence. These comments deal
with only one of the substances identified in the Notice --
ephedrine.

These comments are sponsored by and made on behalf of the
Dietary Supplement Safety and Science Coal-ition (”the
Coalition”) .- The Coaliti-on is comprise% of several businesses
in the United States which either manufacture or distribute
ephedrine alkaloid containing dietary supplement products in the
United States and in many other countries. The members of the
Coalition are The Chemins Company, Inc., Enrich International,
Inc. , Market America, Inc. , Metabolize International, Inc. ,
Natural Balance, Inc. d/b/a Pep Products, Inc. , Omnitrition
International, Inc. , and Starlight International, Ltd. The
address of the Coalition is 1660 Lincoln Street, Suite 1975,
Denver, Colorado 80264. The Coalition’s mission includes a
strong commitment to the use of science when addressing an issue
such as this one which involves ephedra.
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II. THE COALITION’S POSITION

The Coalition’s position is that ephedrine should not be
added to any of the Schedules of the Convention on Psychotropic
Substances. The Coalition urges the WHO, the Expert Committee
on Drug Dependence and the Commission on Narcotic Drugs, a part
of the United Nations’ Economic and Social Council, ~ to add
ephedrine to any of those Schedules.

The Coalition urges this position (1) because the weight of
available information demonstrates that (A) ephedrine has
traditionally and safely been used for medicinal purposes, and
currently is being used safely for both medicinal and food
purposes, (B) no widespread pattern of abuse of ephedrine exists
in the United States or worldwide, (C) ephedrine is not a
psychotropic substance when used at dosage levels normally
suggested on the labels of products which contain ephedrine, (D)
ephedrine is not a substance which meets the criteria of
paragraph 4 of Article 2 of the Convention, and (2) because
ephedrine is not a controlled substance in the United States and
there is no reason to believe that it will be in the reasonably
foreseeable future.

The Coalition is furnishing three new items of scientific
interest as a part of these comments. They are:

[11 April 17, 1998 letter report from Tim Meredith,
of Vanderbilt University. Exhibit 1. See page 11 of
document for a discussion of this report.

M.D.,
this

[2] April 8, 1998 report from Hauser Laboratories
Services. Exhibit 2. See page 14 of this document for a
discussion of this report.

[31 April 17, 1998 letter report from Science, Toxicology
and Technology Consultants. Exhibit 3. See page 13 of this
document for a discussion of this report.

III. SPECIFIC RESPONSES TO THE DATA COLLECTION
QUESTIONNAIRE OF THE WHO

The Coalition does not have any significant amount of
reliable information to furnish in response to Topics 4, 5 and 6
of the Questionnaire. Furthermore, we understand from the FDA
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that the Expert Committee’s primary focus will not be on illegal
trafficking in ephedrine, but on the potential for and actual
abuse of ephedrine by overuse. Therefore, the Coalition is
responding to Topics 1-3 only, except as specifically noted.

WHO Question #1. Availability of the substance (registered,
marketed, dispensed, etc.) .

(A) Traditional Availability.

Dennis Jones, Ph.D. ‘s historical data on the historical
use of ma huang or ephedra was well-described by him in an
October 9, 1995 submission to the FDA Committee on Food
Products; his curriculum vitae is attached as Exhibit 4:

llThe oldest current record of man’ s interest in
Ephedra dates back approximately 20,000 years, to the
burial of a Neanderthal individual in what is now Iraq
(Lietava, 1992), who was buried with a number of
plants, including Ephedra altissima.

Under the name Ma huang [CHINESE LETTERS ],
Ephedra has traditionally been used as an invigorating
tea or infusion with beneficial effects on respiration
in China for more than 5000 years (Stuartr 1979), and
the earliest written reference to its use and
properties is attributed by some experts to the
Emperor, Shen Nung (circa 3100 B.C.) in what may have
been the first ever Pharmacopoeia, the Ben Cao Chien
(others claim that the Shen Nung Ben Cao Chien did not
appear until about 100 B.C.). This work was
substantially revised and enlarged by Li Shih-Chen
(1596).

The Indo-Aryans knew Ephedra as an edible plant
that gave strength and happiness, and combated
exhaustion (Mahdihassan, 1981). Though Indo-Aryans
traditionally believed that substances conferring
longevity were mainly inorganic, Ephedra was
considered as a food with similar beneficial
properties (Mahdihassan, 1984), and there is strong
evidence that the Rigveda references to soma actually
describe Ephedra juice (Mahdihassan and Mehdi, 1989) .

Soma, according to the Rigveda, was the drink of
longevity which was even given to newborn infants;
this Aryan custom was later to be followed by the
Remans, and is still practiced among the Parsee of
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Bombay and in parts of Iran. Lewis and Elvin-Lewis
(1977) also report a long history of use of the dried
stems of Ephedra gerardiana in Northern India and
Pakistan.

Ephedra was wellknown to the Remans, and was
clearly described by Gaius Plinius Secundus in 77 A.D.
(see Rackham et al., 1956-1966) in his Natural
His tory, a work that encompassed 37 volumes, of which
12 dealt solely with the healing properties of plants!
The herb was apparently not widely used in Europe
after the times of the Remans (Moritz, 1953), though
sporadic references do occur in medieval European
literature; Gerard (1597), for example, refers to
Herba Ephedrae (presumed to be Ephedra fragilis) as
the ‘Great shrubbie sea Grape’ .

In North America, historical use Ephedra
species is well-documented (Kowalchik a~~ Hylton,
1987; Moerman, 1986; Rose, 1972; Saunders, 1920;
Tyler, 1982) .[...]

Traditional users of Ephedra herb recommend
dosages that are in excess of those given for
ephedrine or pseudoephedrine in pharmaceutical forms,
and are also very much higher than those recommended
fOr Dietary Supplements containing Ma huang in the

United States. For example, according to Chinese
reference works (such as Ou Ming, 1989), Ma huang
proper is generally given 3 times daily as a decoction
of 3-10 grams of the stems, corresponding to a daily
range of 112-180 mg alkaloids at the low end to
375-600 mg alkaloids at the high end, assuming that
the Ma huang will contain 1.25% - 2% total alkaloids.

The British Herbal Pharmacopoeia (1983) is
somewhat more conservative, but still recommends a
dose of 1-4 grams 3 times daily (thus 125-500 mg
alkaloids per day) , for a herb with a minimum alkaloid
content of 1.25%.

These relatively high dosages may be explained by
the fact that the herb does not behave like pure
ephedrine alkaloids; for example, according to the
British Herbal Pharmacopoeia (1983), Ephedra herb does
not have the marked presser effect of ephedrine. This
appears to be due to slower absorption of the
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alkaloids from the herb than from pharmaceutical
formulations (Harada and Nishimura, 1981; Reid, 1986) ,
so there is no sudden rush of ephedrine into the body.
The differences between pure ephedrine and Ma huang
also show up in formal animal safety studies;
Minamatsu et al. (1991) compared pure ephedrine with
an extract of Ma huang, and concluded that the extract
was less lethal. They also noted that while animals
which died after ephedrine administration showed
histological changes in some organs, these changes
were not found in animals which died after large doses
of extract, suggestive of lower classical toxicity.

While most attention has been focused on
medicinal use of Ephedra herb, Tanaka (1976) describes
Ephedra as a food plant, and Katiyar et al. (1990)
report use of parts of the plant as food in some
Himalayan tribes. The USDA (1937) classified Ephedra
as a highly beneficial forage crop, and allowing meat
and milk animals to graze on Ephedra apparently
improves meat and milk quality and quantity as well as
overal1 health of the animals (Kovacevic et al.,
1974) .“

Ephedrine has been available in Germany since 1896 and in
the U.S. since 1926. Chen, K.K., Schmidt, C.F. Ephedrine and
Related Substances (Baltimore 1930) . In 1926, ephedrine was
approved for sale in the U.S. by the American Medical
Association. The ephedrine-containing herb, Ma Huang (ephedra)
has been used in Chinese medicine for 5,200 years. Larry S.
Hobbs , “Ephedrine + Caffeine = The Ideal Diet Pill, “ Townsend
Letter for Doctors & Patients, at 62 (June 1996) .

(B) Availability in the United States Today

Today, in the United States, ephedrine is legally used as
an ingredient in prescription and OTC drug products for
therapeutic purposes and in a class of foods, called dietary
supplements, for several dietary purposes.

(1) Food Products.

The food products in which ephedrine is primarily used are
a special type of food called dietary supplements. “Dietary
Supplement” is a term defined by Sec. 201(ff) of the Federal
Food Drug and Cosmetic Act [“FFDCA”] of the United States. Sec.
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201(ff) was established by the United States Congress when it
enacted Section 3 of the Dietary Supplement Health and Education
Act of 1994 [r’DSHEA”] which became effective on October 25,
1994. Ephedrine, when used in foods, is normally a constituent
of ma huang, an herb, which is also known as ephedra; ephedra
can be sold as a dietary supplement product or as an ingredient
in a dietary supplement product as long as it is not promoted to
prevent, treat, cure, diagnose or mitigate a disease condition.
Each day in the United States, millions of dietary supplements -
tablets and capsules - are sold and ingested which contain
ephedra and, consequently, ephedrine. No prior approval or
notice to the FDA, the DEA or any other governmental entity or
agency need be acquired or given before these dietary products
are manufactured, distributed, purchased and used.

Ephedrine alkaloid-containing dietary supplements are made
available to consumers via several marketing channels. They are
sold in:

+ health food stores
+ drug stores
+ mass merchandise retail stores
+ in kiosks in shopping mallS
+ in mail-order catalogs

Also, a large volume of these products are sold directly to
consumers in their homes by multi-level marketing organizations,
also known as direct selling organizations. The volume of
ephedrine- containing dietary supplements sold is significant.
At least 50 companies in the U.S. manufacture or distribute
dietary supplements which contain ephedrine alkaloids. One
company alone, Metabolize International, Inc. of San Diego,
California, sells 60 million tablets per month of Metabolize 356
-. a product which contains ma huang. This product has an
excellent safety record; no serious adverse health claims or
events from abuse, overuse, or any other reason have been
reported about this product. There is no “black market” for
ephedrine alkaloid-containing dietary supplement products
because there is no need for clandestine sales.

The dietary benefits which people experience from consuming
ephedrine-containing dietary supplements are weight management,
which includes weight loss, and a “sense of well-being”; this
latter benefit is sometimes characterized by consumers with
statements such as “I feel more energetic” even though the
effect of the ephedrine alkaloids doesn’t arise from calories.
The two health benefits described above are consistent with the
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definitions of “food” and “dietary supplement” in the Federal
Food, Drug and Cosmetic Act.

(2) Druq Products.

Ephedrine is available in prescription and over-the-counter
[“OTC”] drug products in the United States. Ephedrine is
present in OTC drug products which are sold in the United States
as bronchodilators to treat asthma and as decongestants to treat
colds . Part 341 of Title 21 of the Code of Federal Regulations
of the United States contains detailed regulations with respect
to those products. Those regulations contain provisions which
address the Indications, Warnings and Directions which must be
on the label of each OTC drug product. For example, 21 C.F.R.
(Code of Federal Regulations) S341.16 and S341.76(d) (1) address
bronchodilator drug products; the latter regulation provides
that
this

the Directions, to a consumer, on the lab-cl should-contain
language:

“Adult and children 12 years of age and over: Oral
dosage is 12.5 to 25 milligrams in 24 hours, not to
exceed 150 milligrams in 24 hours or as directed by a
doctor. Do not exceed recommended dosage unless
directed by a doctor. Children under 12 years of age:
Consult a doctor. ”

By complying with these regulations, no pre-market approval from
the FDA is required for these OTC drug products. The daily
amount Of ephedrine permitted in an OTC bronchodilator drug

product far exceeds the amount of ephedrine alkaloids which
would be ingested if the suggested or recommended usage language
on a typical dietary supplement container was followed. &
Exhibit 5 which is a label from Metabolize 356, a typical
dietary supplement.

(c) Leqal Status of E~hedrine in the United States

(1) Controlled Substances.

Ephedrine is not a controlled substance in the United
States; furthermore it is not regarded by the DEA as an
irtunediateprecursor of methamphetamine which is a controlled
substance, or of any other controlled substance. The statutes
of the United States define “controlled substance” at 21 U.S.C.
S802 (6). That statute reads:

65648. V4 7
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The term “controlled substance” means a drug
or other substance, or immediate precursor,
included in schedule I, II, III, IV, or V of
part B of this subchapter.

These five schedules of controlled substances are a part of 21
U.s.c. S812. In the United Statesr there are three criteria
which must be considered when determining whether to place a
substance on one of the five schedules. In general, a substance
should and can be placed on an appropriate controlled substance
schedule if it has a potential for abuse and the abuse of it or
another substance may lead to at least a limited physical or
psychological dependence relative to other scheduled substances.
The placement of a particular substance depends on the level of
potential for abuse, the level of potential dependence caused by
the substance and the extent of its medical use in treatment in
the United States.

These U.S. laws which govern the manufacture, distribution
and use of controlled substances and listed chemicals had their
origin with Congress’ enactment of the Comprehensive Drug Abuse
Prevention and Control Act of 1970. Many additions to that law
have occurred
administrative
those statutes.
Parts 1301-1316

since 1970. A comprehensive set of federal
regulations have been issued which implement

Those regulations are contained at Title 21,
of The Code of Federal Regulations.

In the United States, one of the federal appellate courts,
when interpreting the U.S. laws on controlled substances,
clearly described the core analysis which should be engaged in
when trying to decide whether a substance should be scheduled as
a controlled substance:

“The applicable law is cogently set out by Judge
Butzner in Carter-Wallace, Inc. v. Gardner, 417 F.2d
1086 (4th Cir. 1969) , in which Carter-Wallacer Inc.
attacked a Food and Drug Administration order
subjecting meprobamate to control as a depressant
drug. The court stated: “in selecting ‘potential for
abuse’ as one of the criteria for subjecting a drug to
special control, the House Committee did not intend
this to be determined on the basis of the drug’s
having a potential for isolated or occasional
nontherapeutic purposes. Instead, the committee
recommended that a drug’s potential for abuse should
be determined ‘on the basis of its having been
demonstrated to have such depressant or stimulant

65648.V4 8
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effect on the central nervous system as to make it
reasonable to assume that there is a substantial
potential for the occurrence of significant diversions
from legitimate drug channels, significant use by
individuals contrary to professional advice, or
substantial capability of creating hazards to the
health of the user or the safety of the community.’”

(2) E~hedrine is a listed chemical only.

Ephedrine is a “listed chemical” only. 21 C.F.R.
31310.02(a) (3) lists “ephedrine, its salts, optical isomers, and
salts of optical isomers” as List I chemicals. Ephedrine has
been assigned 8113 as its DEA Chemical Code Number.

A List I chemical is defined at 21 U.S.C. S802 (34) as
being “a chemical specified by regulation of the Attorney
General as a chemical that is used in manufacturing a controlled
substance in violation of this subchapter and is important to
the manufacture of the controlled substances. ..“ Because
ephedrine is a List I chemical, its manufacture and distribution
is regulated by the DEA. 21 U.s.c. SS822-827 require most
persons who manufacture or distribute a controlled substance or
a List I chemical to register annually with the United States
Attorney General. Also, each regulated person, as defined by 21
U.S.C. S802 (38) who engages in a regulated transaction involving
a listed chemical must keep a record of the transaction for two
years after the date of the transaction. 21 U.s.c. !S830(a).
Violations of the United States laws with respect to listed
chemicals are set out at 21 U.S.C. S841(d), (f) and (g).

(3) Pro~osed FDA Regulation.

The FDA, in June of 1997, proposed a regulation which would
impact the availability to consumers of dietary supplements
which contain ephedrine alkaloids. 62 Fed. Reg. 30678. Most
importantly, for the purpose of the issues being addressed in
these comments, the regulation would permit the continued
manufacturing, distribution and sale of dietary supplements
which contain ephedrine alkaloids. The proposed regulation,
however, would: (1) limit the amount of ephedrine in a single
serving to less than 8 mg; (2) limit the daily intake of
ephedrine to less than 24 mg; (3) prohibit the combination of
ephedrine and substances that have a known stimulant effect,
such as caffeine; (4) prohibit the use of dietary supplements
containing ephedrine for long-term use; and (5) require certain
warnings and statements on the package label or labeling. This
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Coalition and hundreds of other persons filed objections to that
proposed rule. The Coalition’s comprehensive written response
focused on the lack of valid scientific data for many provisions
of this proposed regulation.

The period for filing comments about that proposed
regulation closed in early December of 1997. The FDA has not
yet indicated whether it intends to issue that regulation or a
modified one, to pursue some other administrative course of

entirely.

abuse of the substance

of ephedrine by persons in
mean the act of a consumer

action, or to withd~aw the regulation

WHO Question #2. Extent of
[ephedrine]

There is some abuse by overuse
the United States. By ‘overuse, ” we
which results in his or her ingesting more than the quantity
recommended or suggested on the product label in an effort to
obtain some perceived benefit. We believe that the amount of
that abuse is very small when compared with the volume of
ephedrine- containing prescription and OTC drug products and
dietary supplements which are consumed without abuse in the
United States. The Coalition strongly believes that there is no
compelling evidence or other satisfactory basis for the Expert
Committee or the WHO to make either of the findings required by
Paragraph 4 of Article 2 of the Convention or to make any
recommendation about ephedrine being a controlled substance to
the Commission. Paragraph 4 states:

114. If the World Health Organization finds:

(a) That the substance has the capacity to produce
(i)(1) a state of dependence, and

(2) central nervous system stimulation or
depression, resulting in hallucinations or
disturbances in motor function or thinking
or behaviour or perception or mood, or

(ii) similar abuse and similar ill effects as a
substance in Schedule I, II, III or IV, and

(b) that there is sufficient evidence that the substance
is being or is likely to be abused so as to constitute a
public health and social problem warranting the placing of
the substance under international control,

the World Health Organization shall communicate to the
Commission an assessment of the substance, including

65648. V4 10
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the extent or likelihood of abuse, the degree of
seriousness of the public health and social problem
and the degree of usefulness of the substance in
medical therapy, together with recommendations on
control measures, if any, that would be appropriate in
the light of this assessment. ”

(A) REASONS FOR COALITION’S POSITION

(1) If ephedrine abuse from intentional overuse was or is
a significant problem in the United States, both the FDA and DEA
would have taken swift regulatory measures to attempt to prevent
or curtail this abuse and would seek Congress’ help in
classifying ephedrine as a controlled substance. Neither
federal agency has done so.

This same concept of abuse is an integral part of the
controlled substance statutes of the United States. See
previous Sec. (C) of Part III [in response to Question #l] of
this document. As previously pointed out, ephedrine is not a
controlled substance in the United States, but is a listed
chemical. When Congress made that determination, it decided
that ephedrine is important to the manufacture of a controlled
substance, but it did not decide that ephedrine had a potential
for abuse or that it had the capacity to produce a state of
dependence.

(2) The Scientific Perspective.

According to Dr. Tim Meredith, Director of the Center for
Clinical Toxicology at Vanderbilt University Medical Center,
ephedrine is not a psychotropic substance except in extreme
circumstances and, in light of the requirements of paragraph 4,
Article 2 of the Convention, should not be recommended for
inclusion on one of the Convention’s schedules of controlled
substances. He states:

“In my view, ephedrine is not a psychotropic
substance as defined in paragraph (e) of Article 1 of
the Convention, nor do I believe that it should be
categorized as such. Ephedrine does not, in my view,
meet the requirements of paragraph 4(a) of Article 2
of the Convention.

Ephedrine is a mild central nervous system
stimulant with a potency, at normal therapeutic doses,
similar to that of caffeine. My review of the
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scientific literature has not revealed a pattern of
systematic overuse or abuse of ephedrine, or a
tendency to produce a state of dependence. Rarely,
ephedrine may cause psychosis, but usually in the
context of chronic, excessive (non-therapeutic)
dosage. The pharmacological properties of ephedrine,
and the potential for abuse, are either very different
or of a different order of magnitude from those of
each of the substances currently listed in the
Schedules of the Convention. ”

~ the attached letter dated April 17, 1998 from Tim Meredith,
M.D., Exhibit 1.

Except in people who already have a history of drug abuse,
ephedrine appears to have a quite low potential for abuse. Larry
s. Hobbs , Ephedrine & Caffeine: The Ideal Diet Pill? (3rd ed.
June, 1996) at 18. L.D. Chait found that ephedrine did not
affect ratings of drug liking in a group of patients without a
history of drug abuse, and noted that there is little
epidemiological or anecdotal evidence of [ephedrine] abuse,
despite the fact that the substance is widely available over the
counter a [and by mail] and even sometimes advertised as a
“legal” stimulant. Chait, L.D. “Factors influencing the
reinforcing and subjective effects of ephedrine in humans. ”
Psycholo~harmacologv 113(3-4): 381-387, 1994. Chait goes on to
observe that the profile of ephedrine’s subjective effects are
similar to that of other mild stimulants, such as caffeine. In
particular, repeated doses and prolonged administration of
ephedrine show no cumulative effects. Hobbs 2 at 14, citing
Reynolds, J.E.F., ed. Martingale: The Extra Pharmacopoeia (30th
ed. 1993) .

E~hedrine is 5 to 10 times less Detent than am~hetamines.
Although ephedrine’s chemical structure is amphetamine-like, its
effects are much less potent than amphetamines. Ephedrine is
about 5 times less potent than amphetamines in raising systolic
blood pressure, 10 times less potent in raising diastolic blood
pressure, and 10 times less potent in disturbing sleep. Martin,
W.R., Sloan, J.W. et al. “Physiologic, subjective, and
behavioral effects of amphetamine, methamphetamine, ephedrine,
phenmatrazine, and methyphenidate ‘ man. “ Clinical
Pharmacology and Therapeutics 12(2) : 2;~-258, 1971. One study
even found relaxation to be a more prominent symptom than
nervousness in subjects taking ephedrine.
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WHO Question #3. Degree of seriousness of the public
health and social problems associated With abuse of the
substance.

We have found no information that suggests that there is
any public health or social problem associated with abuse of the
product by overuse.

We recognize that substantial public safety and public
health problems arise from the use and trafficking of
methamphetamine, also called “crank”. Television “specials” and
valid law enforcement reports detail the depth of the social
problems involved in and arising from the “cooking” and use of
“crank.“ We also acknowledge that these desperate people use
ephedrine to manufacture this illegal drug and that the source
of ephedrine is pure ephedrine either stolen or obtained by
purchasing, in large volume, products masquerading as legitimate
OTC drugs or as legitimate dietary supplements. The right way
to deal with this supply problem is to do exactly what U.S. law
enforcement authorities are doing. They are taking enforcement
action against unscrupulous vendors and imposing regulations
which will make it virtually impossible for illicit drug
products to acquire large volumes of pure ephedrine products.

(A) EDhedrine alkaloids in dietary SUPDlements are not a
precursor to am~hetamines. Only pure USP grade ephedrine is
used in the manufacturing of amphetamines and similar controlled
substances. Dietary supplements are very rarely used, if ever,
to make amphetamines or other controlled substances because (1)
it is apparently chemically impossible or at least, extremely
difficult to do so and (2) because it would cost too much to do
so even if it could be done. A recent attempt by a
well-respected scientific lab tryinq to make amphetamines from
dietary supplements containing ephedrine did not succeed in that
effort. Metabolize International, Inc. hired Hauser Laboratory

Services to “attempt to produce methamphetamines from the
Metabolize 356 using the ‘street’ method published in ~
Journal of Forensic Sciences, Vol. 40, No. 4, July 1995.11 Each
tablet contained an average of 13.1 mg. of ephedra alkaloids,
with the contents of the 12 bottles of #356 resulting in
approximately 1.3 kg of starting material. The report from
Hauser states:

The material was extracted into methanol and the
extract was reacted with red phosphorus and hydriodic
acid for five hours. The resulting mixture was
basified and extracted into freon. The freon was then
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acidified using hydrogen chloride gas. This should
have resulted in the production of methamphetamine
crystals; however it formed a black tar like material.
The material was tested by Gas Chromatography/Mass
Spectroscopy (GC/MS) and found to contain mostly
ephedra alkaloids and caffeine; the presence of
methamphetamine was not detected.

A copy of the Hauser test report is attached as Exhibit 2.

(B) To the best of our knowledge, no legal authority has
ever found and seized an illegal lab that was using ephedrine
alkaloid-containing dietary supplements to produce
methamphetamine or another illegal controlled substance. As
demonstrated by the Hauser report, the complex matrix of herbs
in such products does not permit conversion to produce pure
ephedrine, which in turn would have to be converted into
methamphetamine. See the letter from Simone Derayeh of Science,
Toxicology and Technology Consultants which is attached as
Exhibit 3.

(c) Dietary supplements which contain ephedrine alkaloids
are not likely to be purchased by drug dealers for their
ephedrine content because (1) the relative high cost of these
products even if they were purchased on a volume discount basis
and (2) the relatively low amount of ephedrine alkaloids in each
bottle of supplements. In a typical bottle of 60 tablets, at
12.5 mg. of “;phedrine alkaloid;-
ephedrine alkaloids are present.
typical bottle of 60 tablets is
other sources of ephedrine are
engage in drug manufacturing.

per tablet, only .75 gram of
Since the retail price of a

in the $20.00 to $40.00 range,
sought and used by those who

(D) The few ephedrine-related deaths per year in the U.S.
are not evidence that ephedrine is, itself, a “dangerous drug.”
Overall, these ephedrine - related deaths need to be put in a
larger perspective. For example, in the United States, there
were 15 such deaths between 1993 to mid-1996. Yet every year
400 children die in bike accidents, 500 people die from
contaminated hamhrgers, and 400, 000 people die from
smoking-related causes. Larry S. Hobbs, EDhedrine & Caffeine:.
The Ideal Diet Pill? at 14 (3rd ed. June, 1996) . “This means
that more people die every year from eating hamburgers than have
died in the last 100 years from taking ephedrine. . . .“

Another significant contrast arises from medical
statistics published on April 15, 1998 in a leading scientific
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April 17, 1998
Page 15

journal. A new study concluded that “more than 2 million
Americans become seriously ill every year because of toxic
reactions to correctly ~rescribed medicines taken DroDerlvr and
106,000 die from those reactions. ” Rick Weiss, “Drug Side
Effects Take Deadly Toll,” The Denver Post, at 2A (April 15,

1998) (reprinted from The Washin~ton Post) . That number makes
drug side effects at least the sixth most common cause of death
in the U.S., and perhaps even the fourth. The comprehensive
study, appearing in the April issue of the Journal of the
American Medical Association, suggests that 1 in 15 hospital
patients in the U.S. “can expect to suffer from a serious
reaction to prescription or over-the-counter medication, and
about 5 percent of these will die from it.” This study “is
stronger than previous ones because it looks only at cases in
which drugs were taken correctlv. Previous hints of similarly
high side-effect rates had been attributed in large part to
people getting the wrong medicines or takin~ them in the wronq
doses.” (emphasis added) . That is, readily available drugs,
not dietary supplements, taken in correct doses (not overused or
in overdoses) cause a staggering 106,000 deaths per year. See
David Bates, M.D. “Drugs and Adverse Drug Reactions: How
Worried Should We Be?” JAMA (April 15, 1998), Vol. 279, No. 15,
page 1216; Lazarou et al., I!Incidence of Adverse Drug Reactions
in Hospitalized Patients, “ JAMA (April 15, 1998), Vol. 279, No.

15, page 1200. Articles attached as Exhibit 6.

CONCLUSION

In conclusion, ephedrine is not a controlled substance in
the U.S. today, nor should it be internationally.
Ephedrine-containing products (both OTC drugs and dietary
supplements) are readily available on the open market. The few
cases of overuse of an ephedrine-containing product are isolated
incidents, and do not demonstrate any significant or real
potential for widespread abuse. In short, there is no medical,
psychological, chemical, or legal reason for ephedrine to be

recommended as a controlled substance, either nationally or
internationally.

Yours very trulyr-

Cp fl- rz-
By: James R. Prochnow

Legal Counsel for the Coalition
JRP/sjm

65648. V4 15



0Lk{18;98SAT15:59FAXf31593~~_7513 CLINTOXICOLOGY- VUMC
-.

.,
.,

@oo2

E%hbii I

TXH KEqawrx, ~.n.
~ VANDlslU3XLT’’”dNXVERSImKEddAi CEZ@Eh 7’

Director, Center f~r Clinical Tox%calogy
Professer af Medicine and Patholqgy

Center for Clinical TcwicolcwY
501 mcferd House

1161 Zlst AvanUe South
N@-vip-hlQ.;eTe~~e ~~~e 37232=4632

615) 936-0760
Fax : : (615) 936-075&

E-mail : tim.meredithmcmail .vanderbilt .edu

Re : FDA Docket MI. 9@N-13248
IntI1. Drug Scheduling Notice

To Whom It May C@racern:

I have read the above-referenced Notice and pertinent
sections of the Ccmventimn cm Psychotropic Substances (1971) . I
have been asked by the Diatary supplement Safety and science
Cealition {“the Coalition’) ta respond co the Faod and Drug
Administrationia notice of op cxrtuniky t= prcwride data, comment=

%and other infarmaticm on whet er ephedrine, among others, shm.ald
be included in the Convsation’s Schedules mf psychotropic
substances.

Tn my view, ephedrine is nat & psychc$tropic mubstance as
defined in paragraph {e) of Article 1.of the canventicm, nor do I
believe that it =hould be categorized as such. Ephedrine does
!nat, in my view, meet the requlyements of paragraph ~(a) of
Article z of the Canventian.

Ephedrine is a mild csntral nezwwe system stimulant with a
potency, at normal therapeutic doses, similar En that of
caffeine. ~ review of the scientific literature has nok revealed
a pattern of systematic averuse or abu~e ef ephedrine, or a
tendency to producs a state of dependence, k.arely, ephedrine may
cause pychaais, but usually in=tha context of chronic, excessive
(non-therapeutic) dosage, pharmacological properties of
ephedrine, and the potential for abuse, are either very different
or of a diffsrisnt order of magnitude frem those af each of the
m.batances cuxxently lieted in tihe Schedules of the Ccanvencj.on.

Very truly yours,

Tim Meredith, M.D.

- ..—
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April 8, 1998
Test Report No. C6-0730

Page 1 of 1
CUENR MefabdifoInternational Inc.

5070 SantaFeStreet
SanD~ega, CA 92109

Am: Mike Ellis

SAMPLES: one case of Metabolize Dletaw Supplement 356 was received March
23, 1996, The label Ikling the ingrsdhmts in this product is attached,

TESTS! It was requested that we attempt m preduce mathamphetaminesfrom
the Metaboilfe 5ietary Suppkment using the “street”method published
in The Journal of Forensic Sciences. Vd, 40, No. 4, My 1!395.

flESULTS: The tabletswere initially amiymd for ephedra contentby High
%rformanca Liquid Chromatography (HPLC), Each tablet was found to
contain 13.1 mgitablet on average of ephedra aikaioids.
The contents of the 12 bottles of Metabolifa Dietary Supplement 3!56
were grrwnd resulting in approximately 1.3 kg of stating material
(13.7 g ephedra alkaloids). Tha rnatariai was extracted into methanol
andtheextract was reactedwith redphosphorus and hydriodic acid for
five hours. The resulting mixture was hasified and ewracted into freon.
The freon was then acidifiad using hydrogen chlorfde gas. This should
have resulted in the production of metharnphatamine crystals,howevw
itfwrned a black Tar like materiai. The material was tested by Gas
Chromatography/Mass Spectroscopy (GCIMS) and foundlo contain
moed y ephedra alkaloids and caffeine, the pressmce of
methamphetamine was not detected.

CONCLUSION; The pr~cedure described ebove was padormed accord@ to the method
published in The Journal of Forensic Sciences, VOL 40. No 4, July
1995, titled “Ephedra’s Role As a Precursor in the Cleridestine
Manufactureof Methamphetamine”by K-M. Andrews. Based cm our
anrsiysis, it does not appear thatt!%s published method can be used to
make methamphetamine fromMetabofife’s Diav Supplement 356.

REPORT WR~EN
& ANALYSIS PERFORMED SW

Technician 111 Chemist

Iiause? Lebaratory Services ● S555Airpor7EM. ● EWder, CCI 80301-2339 ● Ph: (800) 241-2222 ● FW( (303)441-5S03

f+~user Engineering Serwices ● 4750 Nwtilus ct. So. s Soulder. Co 80301-3240 = Ph: {303) 581@79 ● FAX (303) 581-0195 %-/

——-....
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D DR. ALDRICH u OR !W2WRA=

GEiYERALIUCLUCINCMEIYCALCCWSLILTATW:

o OR.s7J7AuS$: 310,Wd~ FAX3fQ.454.8715E
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Ap[il 17, 1998
.Via Fac.sirni!e (303) 8??4-923$

Mr. James Pnxhnow
Paitnn Boggs
1660 LincrJIII !3 reet, SLIitc 1!375
DerivcrlCO 8W?$4

Subject: Ephedrine as a Prw!wsoI (o Met harnphetaminc

DearMI Prwhmw,

Per your reqL)est, I have done some research ill scientific Iitwature for Fmy referen~s to the synthesis of Melhamphelamine
using ephedrine, specIficdiy the ephedrine alkaloids pre%?nt in dietary supplenmnls that contain Ma Huang.

Ma Wang plant is the natmd source of E$?heWiIW in he~a~ suppl~rrlcntsand the Merck index stws Ihal the plant umtains
0.75% to 1% ephecll ~nealkalnicts.

Eptwdrine can be reduced to yield Mctharnphetamines in the presence ot Hycrriodic acid and rcd phosphorus (Winner, H.F.
1990. Forensic Scimme Ir?tematimil ml Andrew KM. “i905. Journal of Forensic Sciences). The raducticm reaction also
requires ottrer chemicals such asfreon gas, several acids and bases, and some form Of akmtml fm’ exlract ion, Nevertheless,
I wds unable to find anyscientific mtefence tu such Pwduction using an hefbal dietary suppbment as the !M%lraie
(cmvwely I have information from Hauser labs to the contrary).

If possibte {wtrictl has not ye( been proven to our lab Spcialis@. the KXOC- of i~~~ating E@edrine tmm the= dietal~
supplements WDUld need add itirmd steps, reactions, compounds and equipment. The complex matrix of these
supplements, presence of variousotttwcompounds and the small amount of Ephedrine alkaloids (approximately 12 mg on
avwa@tablet) in each tablel makes the synihcsis exhemely labor intensive for even the best of WIEIprofessionally equipped
labs AdditiDflEIlly, ttre high cost of theSe SupplfXfWlltS and the other cor’rpx.mds re~uirvd in the reaction makes the rnethnd
highiy improbable amtlor uneconomical

We werealso unable !0 fi17~ any record or reference to any lab(s) having been busted in the past ?or such methcds of
Methamphetarnine syrrthew.

Plew! conkmi me if you rewin? futther search for information in this matter

Kind Re@mds,

Sirwne Der ayeh
Research Associate

n AiMNl$TRAnVE ADDRESS ● P. (Z i30X 1816.38 ● SMN UIEGO, CAL/FGWIA 92178 _ (6 lSJ) 5z8Q22f = @?oO)~69-4t936
oSAN F/VWCISCO ADDi7ESS . P.0, B ax 470 f 76 0 SAN FRANCISCO, CA LIFQRIVIA 9a 7.47 ● {415) 44 I-2163 ● ( 800) 5S9-4S36
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EXECUTIVE SUMMARY OF RESUME:
Dr. Dennis Jones

.

NAME : Dennis Jones

NATIONALITIES : Canadian, British

ADDRESSES, PRIVATE:

1411 rue du Fort, #2311
MONTREAL, Quebec
Canada H3H 2N7

Tel: (514) 862-1411
Fax: (514) 862-1297

ADDRESSES, BUSINESS:

Bariatrix International Inc.

BORN : 20 July, 1941

3 Quail Way
SHELBURNE, Vermont 05482
U.S.A.

(802) 985-4063
(802) 985-4073

Spencer-Jones Inc.
1600 46th Avenue 40 Allen Road 19 Donegani Avenue
LACHINE, Quebec SOUTH BURLINGTON POINTE CLAIRE, Quebec
Canada H8T 3J9 Vermont 05403 Canada H9R 2V6

Tel: (514) 637-5887 (802) 862-9242 (514) 983-8555
(800) 361-3681 (800) 468-3438

Fax: (514) 637-8526 (802) 862-9306

QUALIFICATIONS : LANGUAGES:

M.A. (Cantab.), Ph.D. (Cantab.), English, Dutch, German, French;
C.Chem, FRSC(UX), MCIC, basic knowledge of other
C.Biol, M.I.Biol, MBIM Germanic and Romance languages.

EDUCATION, SCHOOL (PRIMARY/GRAMMAR ):

1947 - 1951 Heygarth Road [Passed the 11+ examination
Primary School, Eastham, at the age of 9 years]
Cheshire (GE).

1951 - 1960 Wirral Grammar [General Certificate of
School for Boys, Bebington, Education (N.U.J.M.B)]
Cheshire (GB).

‘O’ levels, 1957, ‘A’/’S’ levels, 1959/1960,
8 subjects:- Mathematics, 5 subjects:- Mathematics,
Physics, Chemistry, English Physics*, Chemistry*,
Language, English Literature, Biology, General Studies
German, Latin, Geography. with Spoken English.

(* = distinction)

State Scholarship awarded in 1959; Open Exhibition to Downing
College, Cambridge, awarded in 1959.

.

.
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Dr. Dennis Jones

EDUCATION, UNIVERSITY:

1960 - 1963 University of Pathology, Physiology, Chemistry.
Cambridge, Downing College
(as undergraduate) . B.A. (Cantab) , 1963

1963 - 1966 University of H.E. Durham Scholar; British Egg
Cambridge, Downing College Marketing Board Scholar.
(as Research Student). M.A. (Cantab), 1967; Ph.D., 1971.

CARHER :

1960 - 1962

1963 - 1966

1966 - 1971

1971 - 1975

1975 - 1977

1978 - 1979

1979 - 1980

1980 - 1984

1984 - 1986

1986 to
present

1991 to
present

1992 to
present

1993 to
present

Part-time Assistant, Margarine and Edible Oils Section,
Unilever Research Ltd.

British Egg Marketing Board Scholar, Department of
Pathology, University of Cambridge.

University Demonstrator in Nutrition and Food
Chemistry, Department of Applied Biology (formerly
School of Agriculture), University of Cambridge.

Head of the Anti-atherosclerosis Proaramme.
Organon International

Head of Miscellaneous
Organon International

Head of Miscellaneous
Organon International

Director of Research,

B.V., 0ss, Eol~and. “

Projects,
B.V., 0ss, Holland.

and Exploratory Objectives,
B.V., 0ss, Holland.

Laboratoires UPSA,
Rueil-Malmaison, France.

Executive Director, POS Pilot Plant Corporation,
Saskatoon, Saskatchewan.

Director of Research, Development and Quality
Control, Frank W. Homer Inc., Montreal, Quebec.

President, Spencer-Jones Inc., Pointe Claire, Quebec.

Vice President Scientific and Commercial Development,
Bariatrix International Inc., Lachine~ Quebec.

President, Fytoresearch Inc., Lachine, Quebec.

President, Weight Exchange Inc., Shelburne, Vermont.

.
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EXECUTIVE SUMMARY OF RESUME:

Dr. Dennis Jones

TEACHING EXPERIENCE:

University: Organic
(1963 -
Emmanuel

page: 3.

Chemistry, Supervision of Practical Classes
1964); Organic Chemistry, College Lecturer,
College (1964 - 1970); Supervisor, Chemist=,

Fitzwilliam College (1967 - ‘1970)-; Morbid HiStO109i,

demonstrations in practical classes (1963 - 1966);
Bacteriology, demonstrations in practical classes (1963
- 1966); Nutrition and Food Chemistry, lecturing and
demonstrating h Tripes courses (1966 - 1971).

,Technical Chemistry for Bakers and Confectioners (1964 - 1966);
College: Microbiology for Bakers and Confectioners (1965 -

1966); Biology for Laboratory Assistants (1965 - 1966);
Chemistry for Printers (1964 - 1966); Science for
Hairdressers (1965 - 1966); Biochemistry for Medical
Technicians (1968 - 1970).

OTHER EXPERIENCE:

Examiner and sometime awarder for Cambridge Local Examinations
Syndicate in ‘A’ level Chemist- (1964 - 1970), ‘A’ level Biology

for Oxford and Cambridge Joint Board (1967 - 1970), and Nuffield
Physical Science for College Entrance and Awards (1968).
Sometime abstracter for Nutrition Abstracts, Abstracts of World
Medicine, Chemical Abstracts, Derwent Publications Ltd.
Free-lance translator. UNESCO collaborator.

Consultant (past & present) to various companies, Governmental
agencies and Governments in matters relating to technology
transfer, management of technology, innovation and new product
development. Developed software for nutritional evaluation, CAD
softw~re for food- and
interactive software for

COMMITTEES:

Past Chairperson, Expert
Member, Expert Committee

nutritional product development, and
project evaluation.

Committee on Plant Products;
on Plant Products;

Past Member, Canada Committee on Food; -
Member, Expert Committee on Human Nutrition;
Past
Past
Past

Past

Past
Past

Membe=, Saskatchewan Council for Biotechnology;
Member, Saskatchewan New Technology Council;
Member, Research and Technical Committee of the

Canola Council of Canada;
Member-at-large, AOCS Protein and Co-Products

Section Committee;
President, Saskatoon Opera Association;
Member, Board of Directors, Saskatoon Symphony Society.
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Dr. Dennis Jones

PROFESSIONAL AND LEARNED SOCIETIES:

.-—

page: 4.

Fellow of the Royal Society of Chemistry;
Member,
Member,
Member,
Member,
Member,
Member,
Member,

Chemical-Institute-of Canada; ‘-
American Oil Chemists Society;
Institute of Biology;
British Institute of Management;
Canadian Institute of Food Science and Technology;
Canadian Pharmaceutical Association
American Society of Pharmacognosy.

PUBLICATIONS : HOBBIES:

67 scientific or technical, Music (singing opera), wine
numerous popular articles making, brewing, shooting,
and radio/TV shows. fishing, countryside, cars,

conservation, reading.

SYNOPSIS:

Formal training in Medical and Life Sciences, Chemistry and
Management. Considerable training, experience and interest in
Nutrition, Nutritional Pathology, Pharmacology, Food Science and
the Management of Technology, in particular in relation to the
Agriculture, Food, Pharmaceutical and Chemical Industries.

Significant experience in Systems Analysis and competent in
Assembly Language programming of PC-compatible computers based on
CPUS from the 8086 family (8088 up to 80486). Designed and
developed commercial software packages and utilities.

Some experience in Patents and Licencing. Wide range of
scientific interests, not confined to the bounds of the formal
training. Aptitude for linguistics and for commercial aspects of
technologically-based industries.

Revised 30 September, 1994.
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ADDENDUM: INFORMATION ON
SPENCER-JONES INC.

SPENCER-JONES INC.
19 Donegani Avenue
POINTE CLAIRE, Quebec
CANADA H9R 2V6

Spencer-Jones has provided services to the food, agriculture and
pharmaceutical industries and to various Government agencies and
departments in the areas of technology transfer, scientific public
relations, product development, strategic long range planning,
management of R & D, project evaluation and appraisal.

In addition, the company has developed proprietary and novel
procedures for the computerization of project evaluation in R and/or
D based industries, software for nutritional evaluation of diets, and
supplies customized software packages, adapted specifically to
clients’ needs, on request.

Achievements of the company cannot be described in detail, due to
clients’ requirements of confidentiality, but have included:

A]

B]

c]

D]

E]

F]

G]

Development
of clients,

Development

Development
substances;

of a range of dietary health care products on behalf
now successfully marketed;

of novel pharmaceutical formulations;

of new technology for the manufacture of novel food

Liaison with Regulatory Agencies, resulting in a number of
approvals for new food and pharmaceutical products;

Implementation of in- and out-licencing procedures for food and
pharmaceutical companies, including product acquisitions;

Planning and implementation of “scientific PR” activities for
clients, resulting in wide-spread media attention for their
products and senrices;

Appearance as an expert witness in litigation proceedings and
intellectual property disputes on behalf of clients.

Under the
activities
exclusively

terms of the agreement with Bariatrix, all
in the Food and Nutrition area are now handled
through Bariatrix.
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veillwxe.CMdren are overrepresented w victims of inci-
dents involvingDECkadulterated medication. Parentswere
onlytreatingthe&inor fevers and illnesws that children com-
monly get with akncnm, ‘“safe,”over- the-counter medicine.It
never occurred to them that such B routine actcouldbe a~
compa.niedby a lethal outcome. This disasbw portrays a be-
trayal of the basic trust between csregivw arid care pro.
viden-.a trust that is within the scope of the right ta health
care ofevery child and every citizen, a right that every manuf-
acturer of pharmaceuticals and every government must
strive to ensure and protect.

It is &i@cant that the OutbreakofD?3Cpahotingre-
pw-tedbyO’Brien et a]9 occurred in an impoverished devel-
opingcwxay, In the global a.ccourting of richer developed vs
poorer developingmu-kries, inadequate reguktkm and sur-
veillant ofthe safety of medications seem an sxtramhnarily
regreaaivetax The glycerin vekdcl,eof the medieine seemed to
be the %mokiw gun” cwsing this epidemic, but the suthom
providenoinfcJrmati?fishouttherootcause. How or why did
@ glycerin get cozttarninated’? Wag the cause ignorance,

negligence, mat savinga, or some other error? Further invw-
tigatkmintotheroot cause ofwhy this con*Wnination occurred

may raved additional insights into prevention. The authors
imply that such ineiderks will continue to occur until the
resources are appropriated to stop them. We can ill afford this
purgatory.

O’Brien et&l saggest ways to end theee edamities. Strict
quality control measures in the formulation and dispensing of
medications and the passage and enforcement of govemurmn-
tal regulations that ensure the safety of pharmaceuticals are
mandato~t The new hitiatiwsthat tie Haitiangovernment
wiUsurely undert~etoe-afeguard their moat vulnerable popu-
lationsagainst such a mishap in the future must be imple.
merited e~eqrwhere; global action is nece$sary to w-event re-
peat oeeurrence$. Im~roved surveillance and-eariy detection
of DEG in adulterated medications using inexpensive metho-
ds applicable in the field, as suggested by O’Brienetal,zmay
M additioml strategies implemented in a succeaaful global
approach.

The Haitian epidemic replays .aUthe paetfdy involved with
DE C contamhaticn. There are no new public health lesscms
frmn the Haitiar.tragedy. Rather we simply must be better
~tudents of the ok.ilewms to avoid returning in the future to
this particular dark and dangeroue wood.

A.IallD. Woolf,MD, Mm
L AIiITMm!l). 1% Diti?w (Mngdy. NwtOn GE, trena. CM* Ilk Eh@opedi.e
Britanrtim h+ 1952.
%,~f+tii~, %lamikioJD, H&&vert C,W al, &t& J$.cw %n,sI Fajhm 1~.cfi
@iom 1%.amEp{detic O&p&hWitde?+ch,&mmacuw mimlfdurt caiwedby&thyk
em ~mi pdAo@irwJAMA 19W$7%1175-llSO.
3 B@vicMD, McI(ensit D. Y3iethyle.rieglycol p$ismirrg in ct&ireaLS .4fi M/++Z
19rt&4(w.M-09d- ------- ---
4. Cenla4i MC,FomJ, C8.m#, %ns~ Pi&aL R&rndarMM Aw Mtimtion
4Wto tqdcal aPPIktian ofdie~ylem.e # ml. Am h.%+?!Mad l$9~lLX3#7&47S.

iS Pm&$& An vnanifid tmmdv. MJ. 19S8S7:11%119.

... . . ... WP.. -T. .

I, L-xeh Pl+ (.%wA Chemcnr ~mwry), Eliti at $M@mlMlida-3faawu@Lr..,. !“-.4m..*1h@9,
LChwke) ~baratory), Elkir of suL%.nilarM41a&enj@,If,

:1)-44-%’724,
. CaannnPR,P&hologicdf@~ ofelixfrofsuW&amide (diethylene

glycoi)pOreUnm#YAW. 1WISJ114W!IM
E?. CWCV HO,Mum pTG,?M coxid~for ixwmm%rngsof~etiylent-with
~rdwae.$WhdfedJ} 10S!4;WLO5.11O3.
Ct.WIJlwe H& Report #t& $mretmy ~&ictdlum ma.tk@& Gt.e .E!ri44rSul-
,rnmikwni&.Mw6m@L 76tk Comgrwdt %++ Scwim Washid~ IX US Uovem-
rr.etlt ~i’1.!!tkg offim: Nowmhr126, 1937,Dcann.mt,1s4.
Id. ~z F?i Elima, &kW,t.$ d Ch’

Lmn*tfc.W.AwWawtiVdd. la~;l&f&%ttie ‘w’eddFQ@ ‘&@
% LYMI KM DMylem KWCCJ]rkhtk-swMhiJ,w*i,w-is7
16. 3rc&.a JB, FI&t.aMT,A& C, H&rJSr El EC-+ .4M.IdentYmtipn ofdicth~
ylmc SIYWIinMm km Egy@n children by ih
gea-!irpid OWornetogmphy.2 tkmnu ~19am$%%#~ “-’-
17. Xfim$likPJ, New m, Van WI A W, ljehmam AJ, Kemdy NK. Tatity,
fete, and excrctiemof pmpylencKIYCQIBar.dKI* ah= SWX& J Phwma-ml EV
Tb 19S:d7:li?l.lIa

Drugs and Adverse Drug Reactions

t-bw Worried Should We Be?

Physicians canhardlypkkup arnedicaljournai oranevmpaper
todayWkhoutr@ad.ingabout some new medicztjon, and how it
promisw to completely change the course of a disease or N?.
Iieve some troublesome sym~tom. lndeec!, the wonders of
pharmawlogyare numerous, It is clear, for example, thatafter
a myacardial in!kxtion patients wdl live Iohger if they take
13-blo(?keml~d thdpatient~w-ithcongestiveh.eartfaihme tive
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Ionger and fsel better when they take an~o’%nsin-conver&g
enzyme inhibitors! However, medications we a double-edged
sword.

See also p 1200.

Much of the recent work cmproblems with medications has
focused primarilyonerrorsinmedimticmwetwfichareim-
portant? But,Rd<’eme drug reactions (ADRs)thatarenot
preventable given our current state ~f knowledge area more
common problem, with a g~ter humw~ Mrden. In this W?.U~
of JAMA,LWWOUa~,dccdleagues* attempt to aasma the
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exftent of this problem. They Fmfotmed a rneta-adyais of
the prospective studies evaluating the incidence of A.DRs in
h.ospitdized patients. Even atler excluding errors in drug ad-
minis.tratio~ the authors found that ADRs may be the fourth
to sixth leading cause of death, and that drug-rdsted injuries
occur in 6.7% of hospitalized patienta. These data suggest that
health care practicionem may miss or pass over many ADRs
that ocau+, even among fhl evtmta.

Can these data be cwreet? There art a number of concerns
abbut the way the studywasdone, although the authors ad-
hered to the generally accepted criteria for rneta-analyses.G
First, an inherent limitation of rnetwinalysis is that combin-
ing the resulti of small, h~terogeneous studies does not nec-
ess.wly bring MMcloser to truth, partimlar~y ifth~promwes
wedtoidentifyandtc validatd the presmce Qftheevents were
heterogeneous? Second, the hospitals studi@d are probably
not representative ofhospitd$ at large. Such studies are more

likaly to be conducted in academic, tertiary cstre hospitalq
these hospitals have sicker patients, and these patients have
m.cweADRs. Aaotherieeueis whetherthe sites of care sampled
within the institutions werereprew.ntativ~ of theinstitutiorrs.
All these factors could irklate the incidence estimate. Mis also
surprising that thg ADR rate remained crxwtant over time,
despite incmwing patient acuity and use of larger numbers of
medications, Home other data~ suggest that the frequeney of
problems with medications actually may b~ increasing.

Nonetbelees, these data are important, and even tithe true
incidence of ADRs is 6omewhat lower than thatreportedby
Lazamuetal:itisstillhigh, and much higher than generally
recognized. Why is this the case? One re~on is that hospitals
have had Wrong incentives not to identify too many of these
events. Repo~’ng large numbers of advsrse events and any
serious preventable evtmt brings intense scrutiny from regu-
lators and the public. Thus, rnosthos@als have reiied on spon-
taneous reporting, which only identifies about 1 in 20 adverse
rations and leads to the pereeptionthst injuries from ADRs
w 1sss ixxnmdn than they really are.g Also, less research has
been done in this area compared with other major causes of
death such aa heart disease rir cancer. No single spetialty or
organ system k involved, the Food and Dmg Administration
is not a funding agency, and research fwdi~ for this impor-
tant area has been scarce,

Another issue is whether tra&ing nonpreventabk drug-
rela$ed injuries is impo~nt, especially aft+r it ie known that
a speciic drug can cause a specific reaction. It is, for several
reasons First, avoiding sdminiatration of the same medica-

tion to the patient in the future requires hewing and doclL-

mentingthat the patient had a pmvhs allergy or sensitivity.
‘t~en a patiant dev@~oWan allergy or sensitivity, it is often
MJt recorded, ad patienb receive drugs to which they havcj
known allergies or wn~itivities with disturbing frequency?
Sewnd, many events not pr+zventable today wiSlIikely be pre-
vent&bIe jn the future, by one ofa variety of mechanisms. Fw
instanc~, de& Ofnew and safer drugs is spurred by such
dak. A good ez.am@e i’s dsvelepment of fexofenidine to tc-
placa terfenidine, T@bndine was associated with cardfac at’-
rhythmias incliading torsades de pointes, partimkmly when
used in cmnbinati~n tith several other commonlyused me&

cations, including -erythromyein,9 $ubbtitution of the new
agent-a terfenidime metabolize that has the therapeuticprop-
ert.iesbut not the adverse cm-mequences oftirfenidim-.s~rns
likely to dramatically reduce this risk, Moreover, it is Iikely
that clinicians till kprove their ability ta predict which pa-.
tients will experience adveree consequences from specific
drugs. .:

If hospitals are to motitar for ADRs, what ap@ach should ~
they use? Chart review is too expensive to be practical on a
routine basis~ J?ortimately, eonq)utersurv~il.lance can beuaed
to assist in finding adverse drug event.a, and this approach is
much more efficient than chart review.X~~tToday, most hoe-
pitda COUMnot irnmediatdy implement such a system given
the present state cJftheirinfonnation systems, but theyshould
be able to do so soon.

But why should hospitals invest incomprehensive monitor
ing for ADRs, given toda@nultiple competipg pricwitiee? One
reason is new regulations, which are being developed by the
Health C-Fin~ntingAtiti~tion.~2Th4re@atio~, re-
Lzasedwith a reqnest for comment in the Fa?mdRiw@# h
November, wculd require hospitals to routinely monitor for
adverse drug eveMs and would impose sanctions if they frailto
do so. However, as -nt)y’written, the regulations seem un-
tenable fora numb+ of reasons, including the requirement for
hoapitala to perform expensive routine chti rexiQw. If rewrit-
ben,thesemguhxtionscould proQde arnajorimpetusfor quality.
Forexample, hospi@s eotdd be required to demonstrate that
they routinely mm adverse dmg evente and medication
error ratee.

For ail medicati~ne, a key is-sue ia whether the benefits
outweigh the risks: The answer, as dernonstrsti by large
num.bem ~frandomi%ed controlled trials, is yes, but thatthere
rnuet be mor~ attdon given to the risk side of the equation.
Only after drugs leave thetrialsetting and are u~ed in sioker
patients do their @e risks become appsqmt. Although some

risks are inevitable, they can be signMcantl$ reduced, and
iearnhg more about the risks will make this pos$131e.
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Incidence of Adverse Drug Reactions
in Hospitalized Patients
A Mets-ana!ysis of Prospective Studies

JasorI Loixarcw,MSC; Bruce H. Pomer’anz, MD, P1’rlJ;Faul N, Gcrey, Ph13

QbjecWe,-To estimate the incidence of serious ard fatal adverse drqj reac-
tions {AIX) in hospital ~ti~~k.

Data Scwcee+%ur electronic databases were searched fmm 1966 to 1996.
Study Seleotion,-C)t 153, we selwtad 39 praspectMe studes from US

hospitals.
DataExtractIon.--Data extracted incfependentiyby 2 investigatorswere ana-

lyzed by a random-effects mode!. To obtain the overall incidence of A13Rsin hos-
pitalized patients, we combined the incidence of ADRs occurring while in the hos.
pit@plus the iftcidenoe of M,Rs causing admission to hospital, We excluded errors
in drvg administration, noncompliance, overdose, drug abuse, therapeutic faiiures,
and po=lble AD Rs. Serious ADRs were defined as those Mat required hospital.
ization, ware perrrtanerdty disabiing, or resulted in death.

Data Synthesis.-The overall incidence of $efiou$ ADRs was 6.7% (95°\0con-
fdence interval [Clj, 5.2%-8.2%) and of fatal AD% was 0,32% (95% Cl,
0.23%-0,41%) O(hospitalized patients. We estimated thatint9940verall2216 000
(1 721 000-2711000) hospitalized patisnts had serious AD(3.s and 106000
(76000-137000) had fatal ADRs, making these reections between tie fourth and
sixth leading causa of death.

&mctusims.-The incidence af serious and fatal ADR$ in US hospitals was
found to be extremety high. Whil@our results must be viewed with circumspection
because of heterogeneity among studies and small biases in the samples, these
data nevertheless suggest that ADRs rewesert an im~orlant clinical issue.

PUBLIC MllENTION is currentl fo-
5cused on adverae drug reset.kw<A R)

eaevidenced by a recent biil passed by
the US Senate Wquiring phannacmati-
eal wnnpanies toprovide ADR informa-
tion to consum%m,’ Heightened int?reM
in AI)Rs was stimulated by the thalido-
mide tragedy in the 1960s.J To obtain an
w%wate e&timate of ADR incidence in
@pital patients, prospective sbadies
we~e done, ba@.mning in the 1$%0s; in
wlmh a defined population could be kapt

‘km ha Demmnar& of Zcoiogy(h%Lazarou and
Or Pwnerimz), Physiobgy (O Pmwranz), sw Pwb
He&l!h &IenCCS (Cm’ Cor8y), LJniwfsity of ?ororlc
Tofcnlta, Ontaw,

Reprints: Bruce 1% Porrwam, MD, PhD, Depati.
men%of%ysioiooy amd Zc@ogy, ~ni’w$ity ofTwofi:o
E P!arogrtj $.I 7@onw On fsno, Cz*ada M5S 3G !
(e.nw ccmemnz@xw@wM ca).

under close observation by monitors
who recorded ail ADR occurrences.w
These prospective studies have been
done cm Z separate ovulations of pa-

rtiw-@those admitt? to the hcmpitaldue
to an ADR (ADRAd]~Gand those expe-
riencing an ADR whale in the hospital
(ADRIn]tWereport here ameta-analy-
sis of w of these respective studies

i?dcme jn the United tates over a period
of32 years f?om which reobtained ADR
incidenees for A13RIn and foy .O?Ad
and an overall ADR incidence that corn.
bines thew 2 gToup, We focused mainly
cm serious and fatal .ADR~ since they
represent the greatest impwt of d~g
therapy. While reeo@.zing the benefits
of drug therapy, we chose not to com-
pare benefits of drugs to the side effects
of dr~gs.

METHODS”

Definition

One step:we took to reduce hetero *
kneity was to exclude any deta that ‘d

not use the following #pe&icdefinitione:
Adverse Drug Reaction (ADR),-Ac-

cord~n.g to the World Health Organ.h-
tion definition: this is any noxious, un-
intmded, and undesired effect ofa drug,
which occura atdosee used in humans for
prophylaxis diagnoefs, cwthe

T
, Tks

ddlnition excludes therapeutic ailures,
iritentional and accidental poisoning (ie,
overdose), &rid drug abuse? Also, th.ie
does not include adverse everle due to
errors in drug administration or non-
cornpliance,(takingmorc cwlees ofa drug
thanthe prewribedamount)? L’singthis
conservative deilnitiqn avoids overestim-
ating the ADR jnddence.

For ~itorial comment see p 1216.

Recently, some authorspreferthe term
udwwwd?zq ezwzt (ADE), which is an in-
jury resulting from administration of a,
dng, XrIcent..msttothe W@d Health or-
ganization deilnit!~n of ARR, the definit-
ion of AI)E includes errors inadministia-
tion.”Hawever, we have ehoeen WeWorld
HealthOrgnnizkiondetl.nftionforADR be-
cause ofits frequent use in ‘dledmdies tht
we analyzed, tmdbecause ofwrgoaito es-
timate injurieeinm.rndby drugs that vvem
prop+rly premibed and mirninistered, In
those a.rtieles th~t did not use the World
%&h organization definiticm (eg, A.S)E
was used), we examined tiR raw data and
removed adverse evenw due to embrs in
administration n. HoweveI-, this was not sl-
ways feasible since afewartklm may have
irrchxk!d errrm b’Iadr&jstr&t,j~n but djd
not repcirt them-w&. Thereforej un-
fortunately, these latt.w articles added’~
the heterogeneity of our data

PO’”d‘“””“-!ii:”i~“86,Lt’””-@i “ “
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Pcmsiblc ADIL-This is an ADR that
follows a reasonable temporal sequence
and for M*hichthe ADR is a known re-
&pmse to the drug, although the re-
sponse may also be explained by the ps-
timt’s clinical state.l” Possible ADR.s
were excluded from our $tucfy.

!kdOU8 ~&-—Tkds k an ADR that
requires hospitalktat.ion, prolongs hospi-
talisadow is permanently disabling, or
result% in death, Serious ADRs include
fatal ADRs, WhiOh WW% tlkl ZU@%kd

M mately,
!’re spective Studies,-Patienta were

present during the study, and monitors
were sble to in+~rview physidans,
nurses, or

r
tients at least once ~r

week. AUA Rs were cmfbmwd prior ta
patient’s discharge from tk hoepiti,

Retrospective Studiee.<hart re.
views were performed after the pat)eat
had left thehespitaL These $tudiee were
excluded from our analysis.

Literature Seat&

Electronicdatabases were aearehed
using the fcihving key word strategy:
odveme drug or adverse reaetiw or
d~welated or drug-izciucec? and hos.
Pi. Three MeSH (Medical Subject
Headings) terms were also used where
Zpproptiati (k hosyxlalization, d7-24 S,

[O?rU@ t&Fcqqkdve784 eflictfi) in com i-
nation with key wards. !%tahasee that
we u$ed were MEDLINE (1966-1996),
Exee U Medics (1980-XM6), Interna-

%tiona.1 harnmceutical AbmractF (l!370-
1996), and Sekwe Citation Index (1989-
1996). The reference sections of all re-
trievedarticles weremwmally searched
for additional studies, In addition, we
sent letters to researchers in the fiehi ta
request unpublished data in order to re-
duee publication bias.

SeIeotion Criteria

The following criteria were used:
L The patiemte e.tudk) were not se-

lected for particular conclitimmsor spe-
cific dfig exposures.

2. Sufficient information was re-
ported in the publi$hwi Mmdy to calcu-
late the incidence of A.DRa,

3. Er@ah tramkkions of the pa~rs
were avaiiable.

4. I%mpaetjve monitoring was used
to ident@ ADRs.

5. I)et3nitions ~wd in the studies co-
incided with mra (see ‘T@ilnitim-w”sub-
seti-on fur our deflations).

Quality of the Date

Rather t.hanmerdy saaassing the q~al-
ity of esxh study, i]we ck~~e instead’0 ‘“

prove ‘he quality of mr database. First,
we Wed pi-ospect,ive m~.r&m+nga9 an in-
Alslon criterion to exckde tie 10W@t-
qualitystudies (ie, theretxospective Etud-

ies). SaconcLADRs clsssifiedsa’#ossible”
wens excluded. Attributing rmsality is sl-
wajw aproblemwithADR detection%nd,
by exchdingpossible .A.DRs,we reduced
the number of false pmititi in the data.

Hete#’ogeneity

We dealt with heterogeneity among
the Studies in mxneroua way% (1} we
plscedmw.iderableemphasia on the95%
cmdidenceirtervals (CIs}to draw atten-
tion to the heterogeneity,’~ P) we used
a xandorn-effeti model to do the analy-
$ie becatiwittakeshtowcauntthe
he:er~geneit y of the various studies,1$14
(3}toreduee hetersgwmity, we excluded
ADRs caused by errors in &dministi~
WI, noncompliance, overdose, drug
abuse, or therapau:ic failures, (4) for ad-
ditional ways to reduce heterogeneity,
we excluded AD Its not fitting our $trict
dednitions, possi’i:e .411Rs, and retro-
spective data.

Data Extraction

We determlnedthe incidence ofA.DRs
in the hospital by extracting she total
number ofhoapital patient$in each study
experiencing at least 1 ADR and diw;d-
imgtide value by the total number of hos-
pital patients in each study. The .ADR
inciderxx wa$ expressed as the percent
of patients with an AIM., A data collec-
tion form was ckveioped ptior to the
study for this purpose. Infonnaticm on
nonserious, wwious, and fatal reactions
was extracted, Other data extracted in-
cluded the ye= of the study, ward and
hospital typeinwhich the study was er.

Ffm-med,mmn age, average length of .os-
pital stay, average number of ~g ex-
pOWUWfor the patients included m the
study, and the number of men and worn.
en in each study. To test for reliability of
our extraction procedus a randomly
selected subset Whe data was extracted
independently by 2 of us {J,L, and
B.H,P,) and was found to be vet coneis-

Ttent forthepublishedADR inci ence for
serious, fatal: and all severities (intTa-
class correlation coefficient ,ranging
from 0.89 t,~0.92).

Analysis of ADR Incidence

We separately ~,alyzed the irwidence
of ADR In and the incidence of ADRAd
and then combin~ the 2 groups to ob-
tain an overall .kDR incidenee, We wm-
lyzed A13Rs of all severities (which in-
cluded nonserkms and serious), ADRs
that were serious (Which inchldedfatal),
andADRsthat were fatal; howeve~, WIS
focused mainly on the seyknis and fatal
ADR&, For ~ch category, we analyzed
the ADR incidence obtained from the
different st~di~~ to tjetm-mhle the mean
i>tidcncz and the 95$%31s. For this pur.

pose we used a random-effects model for

.,
meta-anilysislG simikr to the method
used in the oniy prmious m.eta-analysis
of ADRAds.l@ This is the method of
choice bemuse it takes into account the
heterogeneity of the various studies>4 .

When combining the incidence of
-413RIn andADRAd to obtain the cwer-
$Nincidence of AI)W, weavcddeddoubk .
countiigpatients whb wereadrnitted for
an A,DR and who then also experienced
an ADRwhileinthe hospital by asaurn-
ing the z types of wi$nts to bs indepen-
dent and deriving an adjusted estimate
‘using the following formul*

Adjusted Overall Incidence
= (Incidmwe of ADRIn

+ Incidence of ADRAd)
– {hioidmicaafUWZ1m
% Incidence of ADRAd). ‘

TM provided a slightly srndler esti-
mat e of the A.DR Widenee. For ex-
ample, the mean estimate fm the overatl
number of wiou~ ADRS er year (see

1“~Wlh$’ section] wad Chan&’e by
28000 patients, dropping from 22499C4
(no adjustment) to 2216 M@ (our esti-
mate using the adjuMment,),

When comparing groups, we used
both parametric and nonparauwtrie
methods. The results were always the
same forthe2znethods. Hence, for group
compm%mns, whene~ er poseiiie, we IW-
ported the results of themore robust
nonparametric Wikoxm rank sum

tat,k’Allstatistical analyses were per-
formed using the SAS statistical soft-
ware package, version 6.11 (Statistics]
Analy8is System, Cat-y, NC].

Number of Patienta Wfih AfX3s
We estimated the number of hospital

patient$LtithADRs intheUnited %tes
by using the incidence of ADRs in US
hospitakderiwwlfromourdata andmul-
tiplyingthis value by thenmnber of hos-
pitaJ admissions in 1.994 in the Y_Mted
States, obtained from published s!atis-
tics,’*In 19M,there were S$ 125 492hos.
pits] admissions in the United States.
w? ~]cu]ated the N94 fatal ADRIn$ =
folkmm

Number ofl%atal AD?Jns in US YkJs-
pitalsin IWM{= 000)= Incidence of~atal
ADR1na M Hospitals in the United
States (0.0019)XNumber of Hospital
Admiwions in the Urdted States
(%9125 492).

Thk estimate is based an the ass.ump.
tiOll that Oul”Wnple is repi’esentative of
the hospital populatio~, and, hence, we
examined representatmeness at iwrne
length (see “Results” section),

F?ESULT$

Using ourli seiectionctitifia,39 ifthe
153 studies found in the iit,erature were
included in our meta-analysia. Features

.JAMA. A@ril 15, 199s--VO1 279, No. Is
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$nrttn e! al, 1@$’ 1 w 1.7 .

MADRkdcata$ adwraeCIW raactim:mvw anADPw*n9 =fd=YwI 10*14 -tar: andElb=j data not

of these %3studies are given in Tables1
and2~-7gslUFifty-seven $twiies wem
excluded from our meu-ana~ysis by fi~
2blim3ed investigators because they did
not meet our criteria. In addition 57 of
the remaining 96 fitudk were peY-
formed in countries other than the
~j%it.~ States and were excluded from
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our meta-analysiabec.wse one ofour
xn~or goels was to de~~file repre$en -
tativeness of our s~mp~ein o~er to ~s-
tablishthe accuracy Qfour~~arY sta-
tistics. Since we only had a sufficient
number of studies from the United
states to allow ~st~Pe~o~t~~eseta$ks.
we decided to exclude the remaining

countries thm our meta-an~fiis *@ a
proper analysis fQr repr==ntatimnes
for Stiy other COUn~ would be impos-
sible to perform-

Incidence of AM%
k shown in Table 3, the Mcidence Of

serious ADRIn WSS 2.1% ($S% CI~ L9%-
2$%)ofhospital patients, while the inci-
dence of serious ADRAd wee 4.7%(95%
(Y, 3,1%-62%).?& incidenceotfatal
DRIn wasO.19% (951%CI,0.13%@’43’%
of hospital patients and the incf.dm= of
fatalADRAdswaeO.lS% (95%CX,0.04%-
CJ21%).Combining ADRln end ADRAd,
the ojwsll incidence ofserious A.DR w
6.7%;(95% Cl, 5ML4L2%: ofImapitipa-
tknt$znd the t)~etii incidence of fstal
ADRs w@S0..$$2%(95%Cl, (L%%G&tl%j.
The incidenca ofADRIn ofillseverities
(incl~d~nomxa-buaandserious)was
10.9%(95%CY,7AX513WG) of hospital
patients. ‘h ovwallincidenc~ofDRIn
plus ADRi4d for ADRs of all severities
was 15.1% (Q-5%CL 12.0%-1s.1%) fif~=
pital patients.

Eight ADRIn a+rtieles ~included the
proportion of type AU (dmw+h?pendent
~Rs} and

F
e B* t$lio$~~tic MM

or allergic A %). Of the “all severities”
ADRIh, 762% {95% (X, 7M%-81.4%]
were type A reactions and 23.$% (9S%
Cl, 18,6%49.0%) vwretype Breacticms.
Unfortunately, none of these studies
reported the proportion of type A tid
:~R: reactions for serious and fatal

. .

Numbsr of Hospital
Patients WM ADRs

AS show in Table 4, we estimated
that 702000 ($%% CL 635.000-770000)
h~$pit~ patientg in the United States ex-
perknced a serious A13RIn in 1994. We
calculated that 1547000 (S% CL
10$3000.2060 000) hospital patients ex.
perienced aseriouaADRAd. Combining
these values, overall z 216000 {95% C1,
172100W?71100Whospital patients ex-
perienced a seiku ADR in the United
Statesin MM. We mlculated that there
were 63000 @.YXo CI,+1000-S000) fs-
tdkiesduetc ADRM andanother48000
(95% CI, 15000-71 000) deaL% w-d
in association withADRAd in the United
States. Overall in L994, we estimated
that 106000 (95% CI, 7600@1fi~ 00~)
deaths were caused by ADRs in the
United States, which could accor.mtfor
4.6% (95% CI+3W&-6,0%)ofthe92!?4 000
recorded deaths from all muses du~g
J994 in the L1niti States.]e L7sing the
mean ADR incidenee (106 (KO) or the
more ccm.servati~’e lower 95% CI
{76000), we found that fatal ADRs
ranked between the fourth and sixth
leading cause of death in the United
States in MM.
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Table 3.-ADR Incidence According to ADR Severity”
4

No.of TotaiPaUentn Inckfafxe of
ADR&ow Sh.)dl.$ atvowd ADR$> % 95% a

ADRa in PaAaRts Wfdle in fha iio$pltral (ADRln)

AnSavemles 18 !J4de3 10.9 7,9.13.9

$$e*ua 12 22 S02 2.1 1.S.2.3

iw 19 22872 0,19 o,la.o.2E

Patients Admitted to the :@E&I# Cruato an ABII (ADRA.(1]
selfoq 21 d.? 3,1+.2

Fatal 6 t 7 ?5s 0.1$ 0,04-0.21

@Wiall~R lnCldW@e {AORM + AbRAd)t

AMSeve!’itiae 39 624$0 1s.1 12,0-18.1

setious 33 60519 &7 5,2%.2

Fafal 16 46 S2$ 0.32 0,23-0.41

*AQR indicates WYerae drw mum! ADRln, ah ADR ~ufrim inpatients wrwe in ItIe f@s@al; Cl, @nfi@ef ice
inknval; and AORAd, an ADR causing admtion to W bospilal.

#3y definition, M AORAda are ser”kw$, hence there is no “AN3eVEritiSS”caragofy for AORM.
@wat4 lnciOefica 1$ sdjuataa to avoiO UouMa counlho (see WaIhods” aaeticm).

Tab!e 4.-EstJmated Number af Hospital Palients in t$&4 With AORS,~ ~ouaands (%% ~)q
4

ADRlit ADRM Overaa

An Savemas 3607 (2s78.4%%.! 1547(1023.2(ECI)$ 4986 {39?6-599s)

Serious 702 (W6-770) 1*7 (1OW2OZ) 2216 (17214711)

F*w ~w 435} 43 [15.71) ?06(?s-137,*

●ADR Indka!as adverse drug raacIion: Cl, conkienw intewal; AD~ In, ‘anM?FI OCCUftiflginpatients while in tl’m
FuMitsL &?d ADAJM, M ADR cauair$~adrniaaian to rho hoqxel.

t%aedon331X492 US adrrW&ora’8 In 19S4: estimalse use values from Tak4#3 {eg, for all Worir@=aADiWn:
33125492 x CI.1OS9- 360?000 pa!lenta with an AI) R}.

@y definitim all ADRA4s afe serious, t%m thara are no data for nonaarkma ADRa In this cmqo~.
5W0rn rkeaefiumkera, ws estimated that ADI% waretth? Icurthto $i~ Iaadtig caum d death I. ths United Sra!aa,

Repreeenlastiveneseof Our Sample

Among the many factors possibly in-
fluencing ADR incidence, considerable
rwiearch has identified average length
of ~ay,$$,* age,*,47 gender,a’~ ~d @g
exposure,*@ Therefore. as shmvn in
Takle 6, we checked t~ see whether”~e

t-”--’Bentative of the ~~ hosp~tal pDPUhItbXIw

E-. .?ma

population that we sampled was repre-

vis-kvisthe$e 4 faeto~-. We-de_temnined
that the differences were significant for
kngth ofstayandgenderbut not forage,
Unfortunately, we were unable to find
vakes for the average rmmber of drug
exposures fkom national statistics. POs-
sible biases in our ADR incidence that
mayhswe been caused by the differences
in length ofst+yor genderare estimated
in the “comment” mction.

Aother possible source of sampling
bias might be the year crfstudy, as our
nwta-analysie $pans4 dec.wks, Hence, we
studied the re[ationehiD between Al)R in-
cidenceandyear ofstu~y using a.mndom-
effectelinear re@sifxmr@~el and miria’-
no significant correlation for ADRIn
(r=027, P=.14, n=18) or for ADRAd
(Y=D%3,P=.24, n=l?l). The Figure shows
these results graphically and indicat~s
f!Mt no cha.ngein ADR incidence occurred
over the span ofour study, This result
seems surprising since great changes
have occurredovertielast4clemhh
WSlw@edSthatshould have affected the
i,neidenceof ADRs.Pa4mp~,whilelefigth

of hospital stay is decreasing:’ the nurn-

berofdrugs perhymay berisimgto com-
pensate, Ther&we, while the actual hmi-
dence of ADRs has tiot changed cwer the
Iast 32 years, the pattern of their omur-
rence has, undoubtedly, changed.

It should be noted that @dditional fac-
tors have been propo9ed to have m ef-
fect on AZJR rate renal function, hepatic
function, alcoholism, drug abuse, and se-
verity of~nnMs,** Unfortunately, these
fictore were rarely repro-ted in our
sample of studies and,thus,couldnotbe
usedto determine representativeneea.

Medicalwardssre overrepresentidin
our database, and some articles in the
literature suggest that wwd t3’pemight
haveaneffect on ADR incidence?*&~
Unfortunately, there is insufficient
power in the 39 studies to cahndate the
incidence of ADRs for each ward type
individually. Without these data, we can-
not detarmtie the possible effect that
ward.type distribution might have on
ourADR incidence. Neverth]ass.in the

,,:.Cqrn,men~’~,,segt+i, we eMiXii” the
pomhk%im tie Fo“warcttypa.

Sirrdar to ward type, hospital type
may also introduce bias into our re9ults.
It is thought that teaching hospitals crm-
tain more mriouslyill patients than non-
teaching h~$pitals, which may lead to a
higher inmdence of ADRs in teaching
hospitals, but thk has never been
proven. ?J,GGTeachj~g hospitals we over-

represented in our =mple- However,
when we cornpwd AM kcidences for
teaching and nonteac~ng hospitals in

,,
Tabie 5,--!s Our Samplb Representative C4 W
HowIVJS?

us &r S4aaof
Fectef HOapMa* _ S&&a#

Awaoe age<@ %.4 sat 31
Fwefa@?Ie”rlgtliif 7.6 10.6 14

*, dll
Awqe dmo - . . . .,s+O 7
arrposureQ

Prot%wlionfemabl 0.60 050 16

“St21kticah thiscolumnwe. derived{mmdata ~
theNdonaI Hoa@aIDis@tsIus Su#ay.w

~~~;,~~~;~i~~l~%~+~:~
our AQRln {advm’ae drug raadlon

edrniasiinto ithshoefitarJ sfbtolwaaaa me ~x
a4ze,ekwpf for amaoa dug e~urs, ~o?whiohaata
wws vh.svailabkfor ma ADRAd group.

$7hanumbarof stuuksarnoq67e39 USart!#4$Mei
@-ovlOeddata on this factor,

*P. S3 (student t trot).
Uk,oof (Seam f lest),
flNo5T.st4fc couldbeoMaif@cJfor SWAverege diug

expoaw’a in US hosptil pitlisnta 411ipaesltWHtS clala
nolavdawet

our study, we found no sigMeant di.f-
ferences,Thus, despite antmrrepresen-
tation of beading hospitala in our
ssrn~le, there may not be a rn@r bias.

FmaIly, our lettem to m.wwmhera in
the field produced no evidence ofpubh-
cation hi+.

CQMMENT

We have found that serious ADRsare
freqwent and more so thangenerallyrec-
ognkzti. Fatal ADRs sppear to be k
tween the fourth and sixth leading muse
of death, Their inddence has remained
stable over the last 80 ears.

&There has been o one previous
meta-ansdysis of AIJRhospital studies,m”
and it focused only in ADRAd. Our ar-
ticle differs tiom this report in many

respects: (1} we studied incidence of
ADRIn as VM as ADRAd, (Z) we eorn-
bined ADRAd and ADRISI to obtain the
overall incidence of A33Rs,G}wegave
special emphasis to sw%ua and fatal
ADRs, (.4) we improved the quality “of
the data by excluding retrospective
studim and by excluding ADRs that
were cbssi!led as “pcwibk,” (5) we ex-
amined the representativeness of our
sample, and (6}we estimated the total
number of patients in US hospitals ex-
periencing ADR?.

Recent studies have focused m’s
ADEs, which include errors in adrninia-
tration.~’*m One of the goaia cIfADE ~
~~h @ to alert physicians about the
preventability of many ADJ3s.m In con-
trast, our study on M3Rs, which ex-
cludes med]cationerrors, had a diffti
objtictivw h ~howthat there are a large
number of serious ADRs even when the
drugs sre properly prexribed and ad-
ministered.

We found that a high proportion of
ADRs (762%) were type A reactions.
This may suggest that many ADRs am
due tot~e use of drugs withumwoidably

JAMA, April 15, 1095-W 279, No 15 Actwee Drug Re$c+jon$ m H&piMized PalierMs-Lamou et al 1203

il ‘d“’“-‘i’:s~ 86i~~;j&’
1s1



_——__ ----%-.

‘Li2ilLL
19s0 1970 1950 1990 2000

Yeard $tuoy

hddsnca of advmsa drug reac!ions {ADas) in 39
studies dktrbuted ovsr 32 yews. AR39 POWSwe
not ti6im3 * eevsua! we swwimposedone-
dhw. limar reersssiw, using a random.effecm
model, showed no $ignitii ewralation h’ either
dmse Qxperieming sn AC16 title in ttw hospital
@ORki) {r. O.27, P-.14} or those admittedto the
tc@tal dueto an ARR (AOFW) (r42$, P.,3.0,

hightoxicitij. For example, wart’srin of-
ten results in bleeding. It has been
shown that careful drug monitoring in
hospitals leadsh aredwtiori of many of
these ADRs, suggesting that some type
A and typeB ADRs maybe due to inad-
equate monito~ cf therapies and
doses.s

Recent studies hav~ shown that the
cv$ts associated with ADRsmay bfivery
high. Research to determine the hospi-
talco$ti directly attrihtablet~ an ADR
estimated thatADRs may lead toanad-
dit.hd$1.56 to $4 billion in direct kms-
pital casts per yew ifi the United
Stat-es>’*

Hetmgmeity

AS outtined in the “Methods” section,
we dealt w-M heterogeneity in numer-
ous ways. Mter taking these measures,
we examined the remairingheterogene-
ity. We determined whether 4 factme

thought to effect AIM incidence (age,
gender, drug exposure, and length of
sW) contributed to the remaining bet.
erogeneity in our data using a linear re-
grewiQn vereim of the randmr,-effects
mod~kls For ADRIn, we found that num-
berof drug exposures and length of has-
pital stay jointly accounted for 4.3% of
the’variince (T= O.66. P=.OOQ,n=l$). For

t.icb?sand, hence, only a porticm of the
vtition COU115merely be sttrib~tedto
inconsistent methods among the indiv-
idual studies. For example, if the dif-
ferent jr,vestigatQTs u~e diffwent meth-
ods of ascertainment regarding What
represents an .4DR, they will fiid dif-
ferent rates. &other example cf incon-
siAent methodology is the problem that
some -ides did not separate out ad.
miniatrafi on errom. Methodological
wkation such as this is a limitation of
meta-analysis.

Representativeness of Our %wnple

Ynthe‘Tiesuha”sectioq we found that
for the5factorsexami.ned$lwerepossible
sources ofbiaxlengtb ofstay, gender, and
ward type.This,we have attempted to
estimate the s!zeofthe sampling bias due
to these 3 factma as foUows. As seen in
Table 5, we had a higher average iength
ofhospital stay than the US national av..
erege (10.6 days ve ?.6 dsys).~sW%de the
Literature qualitatively repmls a rela-
tionshipbetween theincidencaof ADRIn
and length of st,ay,t]~~thereare no quan-
titative estimates. ‘llmrefo~ we pw-
formed dinearregmmion analysie on mr
own data using a mmdozn-effectsmodelis
regrmaing the incidence of ADRIn of all
~everities on average length of stay to
obtain a slop of 0.007(P=.00$)and de-

duced that increasing the iertgth of hos-
pital wayhom7.6to 10,6days would pos-
sibly cause the incidence of ADRIn of all
severities h rkw from the adjusted value
of 3.7% to our value of10,9%

Also, as shown in Table 5, the propor-
tion of female patients in our sample was
lower than the rtation~i ~vemge (5(3%va
M%). Utigseveralstudes reWrti~an
increased incidence of ADRs among fe-
males, we were able to determine that,
at most, the riik ratio for women vs men
ecwld be as high as 1.5for both ADRIn
and A12RAd, Awuming the worst-caw
scenario, the adjusted value for the mwr-
all incidence of.413Rs ofa.11severities in
the United States bemmes 15.7% (95%
C!I, 12.7%.18.6%) compared with mm
value of 16.1% (95% CI, 12.0$%18,1%}.

Finally, with regard to ward type,
ther~ wss inaull%ient power in 396tu&
i.% to determiae-m@%eTYthe-effeet of

the rate of ADRAd; when ‘ e w&.* -&cxk--L%?x3*e;:%;E::$ E
~os, P..G4,r,.14).worst-case scmario of ward bias, Ifwe

Gender did not contibut+ b the vari- =ssumed (1) that obstetrical wards have
: auce. Thus, a great deal ofthe heteroge-

neity could b~ attrfiuted to factors we!l. ~~
known to affeet ADR ra~= nUWJb@rof
drug exposures per patient, length of
hospital stay, and the age of patients.
This restdt indicates that much of the
heterogeneity is due to variation in the
populations examined inthevariousar-

aero &D_R6an~tb.nt ~W*-–
~~ubtietrical fi%tients, and, since t here are
about4 mill~onobstetrical ward patients
each year in the United EW.eawof 33
millhm total hospital admissions,:s then
the total number of ADRs occurring in
the UnitedStates would he 4R3 lower
than our estimatw mus W overall

number of fatal ADRs in the United
Sta+wswoulddzmpfrcnn106000 (95% CI,
76000-1S7000)to93000(95%CI,6700&
121 000), which wodd make ADRs iw-
tween tlw fourth and swenth leading
cause of death in the United States
rather than between the fourth and s!xth
leading wmse as reported above- R+
garding other ward types, psychiatric
wards tend ta have a higher ADR inci-
dence and pediatric wards a lcxwerMM?
incidence than medical W-ards,W*SQ
these2biasesmight cancel out. Thus,
altogether, there probably is a small net
upward bias in our AIIR incidence due
to our overrepresentetion of medieal
wards,

It is important to note that, we have
taken a conservative approach, and this
keeps the ADR estimates knvby&rJud-
ing error% in adrninistzztion, overdose,
drug abuse, therapeutic fakes, and
possible ADRs. Hence, we are probably
not overestirnatin the incicknm of

!A13Rs despite the small sampling bi-
ases disaweed esrlier

CCNWLWIQNS

Perhaps, our most surprising result
wee the large number of fatal ADRs.We
estimated that in 1994 in the United
States M6fm)0 (95% (X, 76000-137000)
hospital patients died from an ADR.
Thus, we deduced that ADRs may rank
fi-om the fourth to sixth leading cause of
death. Even if the low-er confidence limit
of 76000 fatalities was used to be con-
servative, we estimated that ADRs
could sW? constitute the sixth leading
cause of death in the United States, after
heart di.wase (743460), eaneer(529 ~),
stroke 060 108), pulmonary disease
(101 077’),and accidents (90523k this
would rank ADRs ehead of pneumonia
(75 719) and di~betes (58894).’~ More-
over, when we used the mean value of
106000 fatalities,we estimated that
ADRs could rank fotih, after heart dis-
ease, cancer, and stroke aa a leading
cause of d~atb. While our results must

M viewed with smne circumapecticn be.
cmme of the Iwtierogeneity among the
studies and small biasee in the sample,
thew data wggest that ADRs represent

--an import@ clinid issue.,.

TWsworkW&.w~~~dbyfi~t [Dr Pomemm?
md a,xhok,mhip (Mr Lezarou ) hornthe National
Science Engineefig Research Cmmci\,Ott.xWX
Onkxrio.

1294 JAMA, A@ 15, 199@-VCl ~?fJ, No, 15 ,4@verse Ergg ReaC~!$n$ in Hc@faiizs5 PatJerM-+azarcd et al



_—_

Ft6fen?naxe

L GMYJ,Billwoaahlforcedrugmdmrs@givevw
tomemdstaonrisk&?& YorkTiwa,JulY2s, 1996!
All.
Z. WlwcyW, GrtfFJI JP Thalidomide ravi<%d.
MJrrseDqR@octToxisoIR sII 1994,12iM-’76.
S. OMLE, hornwn CF, Seiil LG.Studhon the

rnathdaaf8wWllance.JA-kfA NO@3#&/
epidemiology of adverse diwg reaction$

4, WMl L/& Tboi=Mon GF, W&h W, CIM LE.
8tudhSonthe epidemiologyof adverse dnr~ rem.
Kong,Hf: reaotione in petimtam a@neraltnediod
ear?ioe. Johns Hopkirw How i%.u. V%6;U9z29-
3M.
5. Bor&c IT, Slone R, W I-K.Aeeessmentof ad-
versereaethne withinsdrugwrveiilaw program
J’AMA 196&#MS%lI)l.
& Miib’ RR, Hospital dm!aaiona due to odveme
drug mm%iorw a report fiwrn the BostonCollabo-
zativehug Surveillance?rogmm.Amh hhYJ
&f&i N7W34:Z19-2ZS,
% SmNI YW, %(II LG, Cluff LE. !lcudkk w the
epidemiology Madwma cling reaetiont+ V: c~ical
~~5flainE! ~eeeptibility. .&w Morn Med.

8. W&d 140el&O@satiorr. In.t9rna&aai DW
Mcmitori ;l’lw~oieof ?&fh’wpitz(. Cknev%SW

2zerland: orld H’eaItb Crganizadon;IW. ‘TecM-
4 Repad $eriasNo. 43$.
9- &WS DB, &ape LL Petqwki S. l~cidencesnd
paventebilit of adverse drug events in hoepitd-

i&eedadult% &n Intsnc Mad. 1993;SzSi+-z&t.
10. KamhFE, Lamgwm L, Adverss dro~roa~ions!
a crttN.alreview, J&WA.lW6g34WS%lML
lL Cl@ne.rs‘K, SrniLiH, Blaekbutn B, et al. A
method for aseeestrrg the qaalkyofa rendamiced
oontmltriad.Con$rolCliW2Ha.k. 1961231-49.
1!2. KardI PIE, $rnitb CL, Kermrer E, Mwrdlo J?&
Weimraub ~ Lesa@a L. Advwee drug reac-
tions-a matter Moplrdoo.M J Clirt Phmnmol
TbF. t97@194S2-92
1% C!oMJtsGA,.Ihrdick E, Maatelk F. l-hkoget
neky icsmet$a-analysieof data from epidemiologic
Sttdie%a cotmmntary. AmJ.f?@d4rniol.i*M2
m-w?.
14.IMXcnoniamL,Laird N, bfets-analj%ei~ cEni-
Cal trii$. Co!sm)tCIM T/+&, 19e67!77-i66.
16. kkey ~, Hosgiin DC, MosM]?erF, COkW
GA,A randomdfeccn regre$+ion modal & metw
anal sia.S@M*1995:1W%411.

i16. W-earITR. Dru@rclate$hoepiMladmiaaiom~.
Ann Phamwotk.w- l@$#723WW0.
17. Rauner B, %tdwMttti qf3tostaMica. Mh
ed. New York NY Duxbwy press: 1995.
18. Morgan T Morgan S, Cjuitno N. .%mh4 Cow
StateRWing.r 1996.4th ed. Lawrente, Kamkbr-
@n QuitnoPress; 1996.
19. Bates DW, B@e DL, Vander Vhet MB,S+
MarJ, LeapeLL.Reladionehipbetween medm$
hemomdtivemedmgrewiona. JGedntsm
Ma.r395;Mk13WUi.
MI.BatesW/, Cul!en DJ, LakclN,etrd.Incidence
of adverse damg events UJIdpotential wk~ &mg
events tmplioatio~ k prevention. JAMA N9i
#/4@.64.
?1. BowmanL, Carlstedt BC,BlackCD,Incidenec

J-, Aptil ?S, 193&--Vof 2?$, NO, 15.

of dverw drug resctiorw hi kdult medixl inpa.
tientei Cwe J H08PPh-m 1994;47@O$216,
i% Eeeel~ GercmanPM. CrWccnaiC, Mderson J,
Mmgenic ibms~ona gene.rsdmedicalw-vim at a
U,IIVWdtJhoepkal. NEnpl J$kd lS81204!@$+iZ.
23. MM@ .&% Goldrmn P, sh* s, Slolw 3.
Ikug utilicalion and reported adverse reactdm M
hqitak%d children.Am J )3pidskoL1979110
196-X)4.
Z{. Bennett BS, IJpmanAG, Comparative stuclyof
prospccive ousweilkanceandvohmtaryreprn%hgin
determiningfieMdderrceafad-dmgra=tiow
AmJ HOSP?Wrni. 1977344)31-Q%.
2.5, May FE, F&r ~, Wvrart RR Dmz km
wd adww drug reuctiong prior to =d during
hwpitakationJAmPkvnAMw, 19’77;I?:SS0.5W
26.MillerRR.qe-ervcuanoeuttt~@demw
bgkal mwthod~arqwrt fromthe Mton t%htm-

-!
rmtiveLam Surveillance Progrwn. Am J Ho+p
HuTm. M :20SM-592.. .. —..
27. Ma%nzie fdW’, fhw-m-t RB,Welw CT, Cluff
LE. A Plaarmacist-becadstudy of the apidemk.lvgy
0( n.dverac dru ~iow in pjktrlc rnedkinc pa-

#’tieti. Am J osp Pkarm. lW@)WW03.
28. WangR,Terry LC.Adversedrugreartiorc iria
VeteransAdministrationhmpital. JLWW.Phmvw-

~
cot JVew.ma . 1971;11!14-19,
29, Ph-dner ,IWel$onLJ. Adversedrugreactions
a ~hwrneciat-bawd monitoring ty&em, J ClttL
I%wwl T%&.127qll!K)24J)7.
30. Sidel VW, KocbTVe~rJ, BarnettGO,Eatmk
Drw utihcetionand advemerea@ow in ccgermal
boe.pkal Hw@tal& 196?;412W3%
3L R&hel W.Complications inthecare offtve hun-
dmd~erlyhwpidkedpatienm. JArr.Gwow%c.
NtK@97w77.
S2. Schirnmd EM, The karrts M hoepit.aliiatiwt
Ann Intern Med. 19S4#0: lWt 10.
33. NelsonKM.IMbert W Dn@sIat&l hoepkal
admisaienetPhmrkatot&8Tapy.199&l&?01-707.
2A.CO]N.Fsne.leJE, K.ronholmP.1%.emk ofmedi-
CSGMIrconmmri~w&d wbemre drug rwctions in
Imapitelkmtions of the .dderly. AEit !nt+wr+.Wdd.
12X7150%41.WS.
2S .Mitchel AA, Lwmctvre PG,Sheek&~JE, KeufT-
man RE. ShapiroS. Ad*creedrugwmtbns h chtl-
d.re3reXr@oho+.pitsladrnisdon.Pediatnss. 198%

?6. BighyJ, DvnnJ, ~Idmm L,tid, A==~tne
Preventebilcy ofeme enty hospitalebieaionw a

%methodforevaiwing t qudtty of med~kalwirein
a prbry care %icMty.Am J Mwi N8Vi3::021-
1(!s6.
37. I.&shmanan MC, He~heyC(l, Bredaic D. ~Qs-

phcd admissionsmud by iat?ogenic diwr+aa.A*
Zntdrn Mcdm196@ld6:1951.1934
3S. Salcm RI), Reane TM, WiUlemaJG. l_kug-
=ht.’xi admkshs to a Veterma’ Admini$tmtion
peychiatic tit. iWUOrntdi f2knPharm IWItt
74-76.
89. Sbawsrt RB, OW@Sr PK, -WarnsJE. Drw-
relawdadrrhkms to sm inpatient ~ychiat.ric unit.
Am J Pw.McCT, l~127:NN2-109cl
40. Frisk PA Cooper JW, C=npk+liNA. Commu.
s&’-b@sJ @~&cist detection of dreg-r+ihtcj

..

problem+upanpetient admiaabntoSSCISUhcepkale.
AZ JHwp Pharm 1277$M’W+742
41. MeKc~yJbf, HamieonWL.Dnr&i-AatdW
pf?aludmiaatwra.Am JH~ 1%.amc. 197S$%79&
795
42. M&ruiQ MW,Pdar&aDGL,Nat.sl@ML,CiuE
LE. Adverse dmgreaotiw leading to tt+%aHae-
tion in chitdren, / Pr&3R W’76@AS7dS0.
@ CWWWQ GJ, .SWw=?t RB, CloffLE. l)w~
indczoed Nneao leading to ho@t.eJ&tion, JAMA
lP74*nW17.
44. RawlirwM,llorapaonJ, Webiema @a@e*
dtq reactions, IrEhviee D, ed. Tmtbook ofA&
em%Drw &oction.e&hed.Oxfi@ En@an&&-
fordUcdversk.yl%ae: 1991.
45, CerbcminF,Pirhorhf,Bermabd R,S@ariA.Is
agc en imdapwdentrisk Eectnraf?dvcrse @ re
actionsimhocpicdbd ma&d@.ienta?JAm&w-
UtrSo&W9I32!109WW9.
%, Hunvirx N, Wade@ Int44wiv*hospitaltn4mi-
tos’@ Ofsdvq s“eaotionsto .5qs, 8MJ,1~~
5s1-536,
47. O@ie RI, Fwedy 3, Advarue dl%g red&kmc
during hoepitaliratiocr. Ca+t Af& Aasoc J. 1%7$:
1450-1457.
4& LMneoqC, Nemjo CA F& I, Bu.!Ro U. Sex-
relatd v*ona m the 6-aquancyand &am@er—
iatics of adversebug reactions, Xnt Y C%s Ph4W-
VMcol TM To$kw. lSq6!s4z$66. “
43. rdlemeloI, Espb~B,,Rtil. Ifi~eMti
essearnettt of the seventyonthebeqmneyofsd-
Wr’mdrag reactions. hc.tJ Chra Fk@me?4 Th6r
ToxtcoL19s7@62S+$S.
50. National Cen@rforHmfth%ti atioe.Nas@d
FIoapiw ~ch~ SWVeq: A?mtwd Sewnaq,
199&Hyatt8vile, M& US Dept of Healt.tccmdHn-
mwl setier$ M$4.PUblics$km94-1!’7%
51. ICchnL, Rubenst@nL, Dtaper D,et aL‘Ilseef-
ti of the DRG-baaad prospective pyment sye-
tcrn on quaiity ofcm forhos@tal@dmsdimmF
tklte, JM4A M9We4:125W95&
52. Wrwits N. %xli:pming f8e’k&o @ dvam
a~ reuctiqnsrodnkge. wv. 1*,1596539.
53. Smidt NA,M@ar EC. Advemereattionsto
drugxa comprehensivehcepkalh~tk.nt mrvey.
N Z Met+J. 1372%6:S97.40L

w’%R%.i$i%km%4%
S6.$%raD, m.rwn N.Fiqmtingi Adverb
events in hospitals in Y’imorii 1s94-1995.M@ J
AWL 1997566:460-453.
56. Evans W, ClaeeenDC, Horn SD, Bsw SB,
Burke JP, Fraveting ti~ d~ evenr$ Laho+
pitaF~ed patients. Ann P&aQwK7.50th’.19MS$L3
.627.
57. (lasserr DC,peSW)il& SL, Evawa ~, LkrYd~,
Borke JF, Advere?drug evemtain haspi@iied ~
tienta: excc%hmgth of slay, cxtxamst.a and ar&ik-
vta!ole nxewlky. JA,!dA, 12Y7j?77s01-90&
5S. Bawe DW,Spell N, Cub DJ,eted. The owte of
adveme drag events W h~spitdi+ ~]enta.

J-WA, 199757337+11.
59. AmeriM Mepital A.wxMion~ H’@tal .$@
ti4ti.w zwJ.ig9~, el%img~ lit Amertan Mmpi~
Aaaocim.km 1S!!

i.. .—.-. —.— .—

’60 “d 80:’ZT 86, J.T Jd~ Z’X9-$KS-GTZ : ~~j 1$1



—
, .

.

JAMSR PROCHNOW
PATT(INBOGG$ L L p SHl P DATE: 2011pR98
1660LINCOLNSTE ]97s ACCOUNT~ 13511(4434

NAN-WGT:1LB$ g
DENVERCO 80264
(303)830-1776 E

~TO: THEDOCKETSMN,4GEHEMTBRANCH
FOODANDDRUGMMlNISTRAT10N () -,:
12420PARKLAWNI)RIYE,ROOtI1-23
(HFA- 305) =
ROCKVILLE,t4D2~857 g

$6$7461076 - POWER$tilP 3 !! [
-. kg

.~~i:~uf,~i ------‘“

PRIORlTY WERNIGHT TUE
CAD * 606737 2(MPR98 AA

TM 3637463076 FodExLetter

I AD

. —-
—-


